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A  STUDY  OF  U.S.  WHEATS  AS  SUPPLEMENTS 
FOR  WESTERN  EUROPEAN  WHEATS  IN  BREADMAKING 

t.A.mumiRG[R,^/  D-OfCWM,  5/  AHDi  i.W.Fimy 

SUMMARY 

Europe  for  centuries  has  consumed  more  wheat  than  any  other  comparable 
area.     But  most  European  countries  do  not  produce  sufficient  wheat  for  their 
needs,  and  European  wheats  generally  are  of  low  baking  strength.     They  there- 
fore import  large  quantities  to  fulfill  both  quantity  and  quality  demands. 
Much  high  protein,  strong  wheat  is  imported — chiefly  from  North  America. 

High  protein  spring  wheats  have  long  been  regarded  somewhat  categorical- 
ly as  ideal  for  blending  with  weak  European  wheats.     Accumulated  experience  in 
Europe  and  elsewhere,   changes  in  baking  methods,  and  continuing  changes  in 
wheat  varieties  amply  justify  periodic  reexamination  of  quality  considerations 
in  wheat  blending.     This  study  attempts  to  evaluate  typical  European  and 
North  American  wheats  by  laboratory  methods  representing  both  regions. 

Wheats  intended  to  be  typical  of  those  grown  in  Western  Europe  were 
obtained  for  the  1964  and  1965  crop  years  from  commercial  sources  in  Austria, 
Belgium,  England,  France,  Germany,  the  Netherlands,  Sweden,   and  Switzerland. 
Flours  milled  from  these  wheats  were  blended  with  flours  from  several  United 
States  and  Canadian  wheats  of  different  protein  contents  and  classes.  The 
U.S.  wheats  were  a  Yellow  Hard  Winter  (YHW)   composite  with  9.8-percent 
protein;  Hard  Red  Winter  (HRW)   composites  with  11. 2-,  12. 0-,  and  13.7-percent 
protein;  and  a  Hard  Red  Spring  (HRS)  with  13.7-percent  protein.     The  Canadian 
wheats  were  HRS  samples  at  13.7-  and  14.5-percent  protein.     The  flour  blends 
contained  three  parts  of  a  European  and  one  part  of  a  North  American  wheat 
flour.     This  proportion  was  selected  to  reflect  an  upper  practical  limit  for 
the  North  American  wheat  flours  and  to  keep  the  size  and  complexity  of  the 
study  manageable. 

The  flours  and  blends  were  analyzed  to  obtain  commonly  used  indices  of 
composition  and  quality.     Physical  properties  of  doughs  were  determined  in  the 


1/  Work  performed  under  Contract  No.   12-14-100-7700(74)  between  U.S. 
Department  of  Agriculture  and  Kansas  State  University,  Manhattan. 

_2/  Department  of  Grain  Science  and  Industry,  Kansas  State  University. 

3^/  Research  Chemist  and  Laboratory  Chief,  respectively.  Western 
Utilization  Research  and  Development  Division,  Agricultural  Research  Service, 
U.S.  Department  of  Agriculture,  Albany,  Calif.  94710. 
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Farinograph  and  Alveograph.—      Flours  and  blends  were  baked  in  the  United 
States  by  a  modification  of  the  American  Association  of  Cereal  Chemists 
(A.A.C.C.)  straight-dough  method  and  by  procedures  representing  testing  methods 
or  baking  practices  in  England  and  France.     The  flours  were  also  baked  in  a 
German  laboratory  by  a  rapid-mix  method  reflecting  quality  criteria  appropriate 
for  newer  practices  in  some  parts  of  Western  Europe.     This  diversity  of  testing 
procedures  was  used  to  examine  not  only  the  inherent  strength  of  the  various 
blends,  but  also  other  properties  of  importance  for  various  styles  and  types 
of  baking. 

The  average  flour  protein  content  of  the  European  wheats  was  the  same 
for  both  crop  years,  and  with  only  one  or  two  exceptions,  their  properties 
were  typical.     The  wheats  from  Austria,  Sweden,  and  Switzerland  were  graded 
hard,  whereas  those  from  Belgium,  England,  France,  Germany,  and  the 
Netherlands  all  graded  soft  for  the  2  crop  years.     Supplementing  them  with 
the  flours  from  North  American  wheats  improved  the  performance  of  almost  all 
the  soft  wheat  flours.     With  the  hard-wheat  European  flours,  however,   a  pro- 
tein content  of  at  least  12  percent  in  the  supplementing  wheat  was  required 
for  systematic  improvement. 

In  general  an  increase  in  loaf  volume  or  other  improvement  was  corre- 
lated with  the  protein  content  of  the  blend,  in  confirmation  of  accumulated 
commercial  experience.     Hard  Red  Winter  wheats  and  Hard  Red  Spring  wheats  were 
equally  effective  on  a  per  unit  of  protein  basis.     This  was  most  clearly  evi- 
dent with  the  A.A.C.C.   and  German  baking  procedures,  with  which  loaf  volume 
increased  steadily  with  protein  content.     None  of  the  baking  procedures  showed 
spring  wheat  flours  to  be  superior  to  winter  wheat  flours  of  equal  protein 
content . 

Although  average  responses  correlated  well  with  average  protein  contents 
of  the  blends,  the  range  of  responses  among  the  base  flours  to  a  specific 
supplementing  flour  was  wide.     The  response  generally  correlated  (inversely) 
much  better  with  the  base  flour's  original  performance  than  with  its  protein 
content.     Poor-baking  base  flours  tended  to  show  large  responses,  regardless 
of  protein  content,  and  often  gave  as  large  a  response  with  lower  protein 
supplementary  flours  as  with  a  high  protein  supplementary  flour.  Thus, 
protein  content  (strength)   alone  is  frequently  inadequate  for  selection  of 
the  best  supplementary  wheats.     The  strong  showing  of  the  winter  wheats  in 
direct  comparison  with  spring  wheats  under  a  variety  of  conditions  is  notable 
and  supports  a  stronger  market  position  than  has  often  been  afforded  these 
wheats  in  the  past. 

BACKGROUND 

Blending  of  wheat  has  probably  always  occurred  whether  inadvertently  or 
deliberately.     It  started,  no  doubt,  with  the  development  of  sizable  communities 


k_l  Trade  names  are  used  in  this  publication  solely  for  the  purpose  of 
providing  specific  information.  Mention  of  a  trade  name  does  not  constitute 
a  guarantee  or  warranty  of  the  product  by  the  U.S.  Department  of  Agriculture 
or  an  endorsement  by  the  Department  over  other  products  not  mentioned. 
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where  grains  were  gathered  from  different  areas  of  cultivation  and  were 
brought  to  the  communities  for  processing  and  distribution. 


Industrial  development  in  many  countries,  accompanied  by  enhanced  agri- 
cultural development,  eventually  resulted  in  increased  production,  improved 
transportation,   construction  of  terminal  elevators,  and  mechanical  handling  of 
grain.     The  grain  trade  came  to  expect  that  types  of  wheat  would  be  delivered 
reasonably  free  from  mixtures  of  other  grains.     Because  wheats  grown  under 
different  environmental  conditions   (or  wheats  of  different  types)  showed 
obvious  quality  variations,  an  appreciation  of  the  differences  in  the  proper- 
ties of  the  wheats  themselves  followed.     Wheat  varied  in  quality  not  only  among 
countries,  but  among  areas  within  a  country  and  among  types  grown  in  an  area. 
That  situation  probably  led  inadvertently  to  blending  wheats  with  different 
properties,   then  gradually  to  deliberate  improvements  through  guided  blending. 

Many  reviews  of  the  quality  characteristics  of  world  wheats  are  avail- 
able 17,  ^0^,  23^,  2A_,  25)        but  changes  are  occurring  continuously  in  the 
characteristics  of  wheat  in  a  particular  area.     However,   the  areas  where 
strong,  high  protein  wheats  are  produced  are  limited,  as  shov/n  by  protein 
charts  compiled  by  Pelshenke  (20) .     Klages   (16)  has  listed  these  12  world  cen- 
ters of  wheat  production: 

1.  Northern  Great  Plains — North  America  7.  Danube  Basin 

2.  Southern  Great  Plains — United  States  8.  Southern  Russia 

3.  Columbia  River  Basin  and  Palouse  9.  Northwestern  India 
Area — United  States  10.  East  Central  China 

4.  Northwestern  Europe  11.  Argentina 

5.  Mediterranean  Area  of  Europe  12.  Southeastern  Australia 

6.  Hungarian  Plains 

Only  the  Northern  Great  Plains  and  Southern  Russia  consistently  produce 
a  high  proportion  of  strong  wheats.     European  wheats  are  generally  of  weak 
baking  quality  and,  therefore,  Europe  imports  wheats  of  greater  strength  for 
blending  purposes.     Wheat  imports  serve  two  purposes:     first,   they  provide 
enough  wheat  to  fill  domestic  requirements  and,  second,   they  provide  stronger 
wheat  to  permit  manufacture  of  the  types  of  flour  desired  by  bakers.  Baking 
practices  and  flour  quality  demands  vary,  not  only  from  country  to  country, 
but  also  from  one  region  to  another  in  the  same  country.     Thus,  wheat  blending 
requirements  vary  widely  from  one  market  to  another. 

Europe's  import  requirements  make  it  one  of  the  world's  largest  grain 
markets  which  the  United  States  helps  to  supply.     This  study  was  undertaken 
to  compare  the  quality  characteristics  of  blends  of  United  States  and  Canadian 
wheats  with  European  wheats.     The  purpose  was  to  benefit  the  grain  trade  in 
both  the  United  States  and  Europe.     Although  imported  wheats  appear  to  be 
valued  in  Europe  primarily  for  their  ability  to  confer  strength  to  a  blend 
with  softer  wheats,  details  concerning  other  benefits  as  well  should  be 
useful. 


5^/  Numbers  in  parentheses  refer  to  literature  cited,  p.  16. 
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BLENDING  WHEATS 


Europe  for  centuries  has  been  the  world's  largest  consumer  of  wheat. 
In  the  past,  the  United  States  has  provided  a  large  amount  of  the  wheat 
required  by  European  countries  to  satisfy  food  and  feed  requirements.  Wheat 
imports  from  the  United  States  also  have  supplemented  the  strength  and  baking 
quality  of  European  wheats.     Much  of  the  imported  wheat  has  been  of  intermediate 
protein  content  and  has  been  used  as  a  filler  wheat  in  mill  mixes .  Higher 
protein,  stronger  wheats  are  usually  also  included.     Changes  occurring  in 
baking  practices  which  favor  mellow,  easily  machinable  doughs  raise  questions, 
however,  regarding  traditional  attitudes  toward  imported  blending  wheats. 

The  typical  European  flour  has  been  made  from  a  blend  of  domestic  soft 
wheat  and  hard  wheats  from  the  North  American  continent.     The  ratio  of  hard  to 
soft  wheat  is  not  uniform  throughout  Europe,  but  depends  on  several  considera- 
tions and  often  has  been  fixed  by  law.     The  general  influence  of  adding  hard 
to  soft  wheat  on  milling  characteristics  and  on  flour  quality  are  matters  of 
everyday  experience,  but  several  reports  pertain  to  specific  property  changes. 

Brabender  (6)  has  discussed  the  use  of  the  Farinograph  for  predicting 
the  best  types  of  hard  wheats  for  blends  with  weaker  wheat.     The  Farinograph 
has  long  been  regarded  as  a  useful  and  reliable  instrument  for  measuring  and 
recording  changes  in  dough  absorption,  developing  time,  and  curve  characteris- 
tics when  flours  are  blended.     Boiling  (4^)  and  Soenen  and  Pelshenke  (29)  have 
discussed  the  properties  of  European  wheats  and  the  quality  appraisal  of  blends 
of  European  wheats  with  imported  wheat.     They  conclude  that  no  single  test  can 
be  substituted  for  the  baking  test.     They  also  state  that  for  satisfactory 
strength  a  wheat  blend  should  have  a  protein  content  of  11.4  percent,  a 
minimum  sedimentation  value  of  25,  and  good  baking  properties. 

Serious  confusion  sometimes  results  from  the  use  of  two  different  fac- 
tors for  converting  nitrogen  (N)  to  protein.     For  wheat  and  wheat  flour,  the 
agreed  upon  factor  and  the  one  generally  accepted  is  N  X  5.7.     This  factor  was  ■ 
approved  for  international  use  by  the  International  Association  for  Cereal 
Chemistry  at  the  Vienna,  Austria,  Congress  in  1960  (13) .     Unfortunately,  the 
factor  N  X  6.25  is  used  often  without  comment,  and  thus,  the  protein  values 
for  wheat  appear  higher  than  normal.     This  sometimes  occurs  in  reports  dealing 
with  the  wheats  produced  in  countries  comprising  the  European  Economic 
Community.     Confusion  also  arises  from  failure  to  specify  moisture  contents 
for  expressing  analytical  values  or  in  transacting  sales.     The  basis  of  14- 
percent  moisture  is  commonly  used  in  North  American  and  in  most  international 
operations. 

Aberham  (2^)  has  correlated  the  various  indirect  testing  methods  for 
wheat  with  the  Kaiser— bun  baking  procedure  and  related  the  tests  to  carrying 
capacity  of  U.S.  wheats.     The  conclusions  reached  were  that  the  better  the 
quality  of  the  U.S.  wheat,  the  greater  the  carrying  capacity;  and  the  better 
the  domestic  wheat,  the  less  imported  wheat  was  required  to  produce  satisfac- 
tory baking  results.     Larger  additions  of  imported  wheat  to  local  European 
wheat  are  required  to  increase  loaf  volume  than  to  produce  an  overall  bun 
quality  improvement.     Ten  percent  of  high  quality  U.S.  wheat  additions  to 
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European  wheat  results  in  obvious  improvement;  but  when  the  U.S.  wheat  is  of 
medium  strength,  additions  of  20  to  30  percent  are  required. 

The  carrying  capacity  and  baking  quality  of  wheat  are  considered  by 
some  (1)  to  be  determined  by  the  percentages  of  (a)  inferior  quality  wheat, 
which  would  include  damp,  broken,  damaged,  or  tainted  kernels;   (b)  sprouted  or 
insect  damaged  kernels;  and  (c)  weak  wheat  that  can  be  blended  and  yet  maintain 
adequate  breadmaking  potential. 

Paquet  (19)  studied  the  baking  quality  of  wheat  in  several  European 
countries  including  collaborative  tests  in  laboratories  in  Belgium,  France, 
Germany,  and  the  Netherlands.     He  concluded  that  loaf  volume  is  the  best 
criterion  of  breadmaking  capacity. 

MATERIALS 

European  Wheats 

Of  great  concern  was  how  best  to  obtain  representative  wheat  samples 
from  Europe  and  the  United  States.     It  was  decided  that  representative  samples 
could  be  supplied  from  European  milling  companies  where  samples  (100  lb.) 
would  be  drawn  from  their  mill  blend  of  local  wheat.     Thus,  the  samples  were 
composites  of  locally  grown  wheat  from  Austria,  Belgium,  England,  France, 
Germany,  the  Netherlands,  Sweden,  and  Switzerland.     It  is  accepted  generally 
(15)  that  the  wheats  grown  in  Europe  (excluding  Russia)  and  England  are  simi- 
lar.    These  wheats  usually  are  low  in  protein  content  and  high  in  moisture, 
but  there  are  variations  depending  upon  environment  and  harvesting  conditions. 

I  United  States  and  Canadian  Wlieats 

For  blending  purposes,  samples  of  spring  and  winter  wheat  were  needed 
that  represented  protein  levels  typical  of  export  cargoes.     Several  terminal 
export  grain  elevator  companies  agreed  to  supply  100-pound  composite  samples 
with  a  range  of  protein  content.     These  samples  were  experimentally  milled, 
chemical  and  physical  properties  were  determined,  and  baking  characteristics 
were  evaluated.     From  this  analytical  information,  the  samples  of  red  winter 
wheat  were  blended  into  three  mixes  of  11. 2-,  12.0- ,  and  13.7-percent  protein 
on  a  14-percent  moisture  basis.     One  sample  of  Yellow  Hard  Winter  at  9.8- 
percent  protein  was  included  for  comparison  with  European  wheats. 

The  study  included  one  sample  of  hard  spring  wheat  (Dark  Northern 
Spring),  13.7-percent  protein,  from  the  United  States,  and  two  samples  of  hard 
spring  wheat  from  Canada  with  protein  contents  of  13.7  and  14.5  percent. 

Flour  Blends 

The  origin  and  properties  of  the  wheats  selected  for  this  investigation 
and  the  characteristics  of  the  flours  produced  from  these  wheats  are  described 
and  the  data  presented  in  the  Appendix^/  (tables  1,  2,  3,  4,  and  8).     From  a 
practical  standpoint,  the  upper  limit  for  the  addition  of  imported  hard  wheat 
to  local  wheat  in  Europe  is  usually  about  25  percent.     As  this  is  an  economic 
limitation,  a  study  of  blends  having  greater  than  25  percent  imported  wheat 


6^/  All  tables  appear  in  the  Appendix,  p.  20. 
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would  have  little  practical  value.     Furthermore,  additional  ratios  of  North 
American  flours  with  the  European  flours  would  have  resulted  in  an  extremely 
large  and  expensive  study  and  report. 

Experiments  have  shown  ( 14)  that  experienced  bakers  can  detect  additions 
of  strong  flour  to  weak  flour  at  low  concentrations.     In  contrast,  if  the 
strong  flour  is  dominant,  the  properties  of  the  weak  flour  are  obscured. 
Consequently,  25  percent  of  the  strong  flours  seemed  a  reasonable  level  for 
experimental  reasons  also.     Blends  of  25  percent  United  States  and  Canadian 
wheat  flour  with  75  percent  of  European  wheat  flour  were ■ therefore  used.  The 
report  also  includes  an  appraisal  of  the  original  wheats  and  the  flours  from 
them. 

METHODS 

All  wheat  samples  for  laboratory  analyses  were  mixed  by  means  of  a 
Boemer  divider  (31)  ,  and  flour  samples  were  blended  in  a  200-pound  capacity, 
stainless-steel,  rotating  batch  mixer.     Moisture,  protein,  and  ash  were  deter- 
mined by  methods  described  in  Cereal  Laboratory  Methods  ( 3^)  .     The  Falling 
Number  (22)  method  was  used  to  estimate  alpha-amylase  activity;  and  the  Theby 
Gluten  Washer,  with  a  salt-phosphate  buffer,  was  used  to  determine  gluten  con- 
tent.    A  laboratory  barley  pearler  (18 ,  30)  has  been  recommended  for  measuring 
the  relative  hardness  of  wheat.     The  test  consists  of  grinding  20  g.  of  wheat 
in  a  barley  pearler  for  1  minute.     The  harder  the  wheat,  the  less  the  amount  of 
material  removed.     Thousand-kernel  weight  was  determined  with  an  electronic 
seed  counter. 

Milling 

The  wheat  samples  were  cleaned  thoroughly  to  remove  foreign  material 
and  were  given  overnight  tempering.     The  soft  wheats  were  tempered  to  15- 
percent  moisture,  and  the  hard  wheats  to  16-percent  moisture.     The  milling  was 
done  on  a  Miag  Multomat  mill  (23) ,  which  has  a  capacity  of  approximately 
1,000  g.  per  minute.     This  mill  has  three  break  rolls  and  five  reduction  rolls, 
each  individually  adjustable.     The  flour  yields  reported  are  based  on  this 
milling  procedure. 

The  potential  flour  yield  values  are  based  on  the  procedure  described 
by  Shuey  (26)  ,  in  which  250  g.  of  wheat  are  placed  on  a  Ro-Tap  Sifter  with 
Nos.  7,  9,  and  12  wire  sieves.     A  theoretical  potential  flour  yield  of  78  percent 
is  assigned  to  the  wheat  retained  on  the  No.   7  wire  sieve;  73  percent  to  that 
retained  on  the  No.  9  wire;  and  67  percent  to  that  on  the  No.   12  wire.  The 
results  are  summed  to  obtain  the  overall  yield  estimate. 

Dough  Tests 

The  Farinograph  operating  procedure  outlined  in  Cereal  Laboratory 
Methods   (3^)  was  used,  and  dough  development  time,  valorimeter  value.  Mixing 
Tolerance  Index  (MTI) ,  and  stability  were  recorded.     The  Chopin  Alveograph 
(9^)  was  operated  in  the  prescribed  manner  with  variable  absorption;  values  for 
the  length  (L) ,  peak  height  (P) ,  and  area  under  the  curve  were  recorded,  and 
the  work  expended  to  defoirm  the  dough  (W)  was  measured. 
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Baking  Tests 

Baking  tests  were  selected  to  provide  a  variety  of  baking  procedures 
and  breadraaking  quality  appraisals.     An  A.A.C.C.  baking  test  was  selected 
because  the  procedures  that  are  used  are  well  known  and  provide  much  useful 
information.     The  Federal  Cereal  Research  Laboratory,  Detmold,  Germany,  has 
long  had  an  excellent  reputation  for  competence  in  wheat  quality  evaluation; 
therefore,  the  assistance  of  that  laboratory  was  sought  to  provide  a  European 
appraisal  of  the  baking  value  of  the  samples;  its  procedure  is  referred  to 
later  as  the  German  baking  method.     A  baking  procedure  based  on  that  of 
Kent-Jones  and  Amos  (15)  provided  another  European  approach  to  baking  quality 
evaluation;  it  is  referred  to  in  this  report  as  the  English  method.  The 
French  baking  method  followed  the  common  French  bread  production  method  (7) 
and  was  conducted  by  a  baker  familiar  with  French  baking  methods.     Baking  by 
the  English  and  French  methods  was  conducted  in  the  United  States. 
I 

English  Method , 

The  formula  used  in  the  English  method  was  as  follows: 


Grams  Grams 

Flour  100  Yeast  2 

Salt  2  Malt  1 

Sugar  2  Water  Variable,  about  1.7 

percent  less  than 
Farinograph  absorption 


Doughs  made  from  800  g.  of  flour  were  mixed  for  18  minutes  in  a 
Hobart  A-200  mixer  at  low  speed.     Following  this  initial  mix,  the  dough  was 
fermented  at  86°  F.   for  2  hours  and  then  was  remixed  for  2  minutes  at  low 
speed.     An  additional  58  minutes  fermentation  preceded  rounding,  followed  by 
a  15-minute  rest  period  before  the  doughs  were  molded  and  panned  (3-1/4  hours 
fermentation  total).     After  proofing  50  minutes  at  86°  F. ,  loaves  were  baked 
32  minutes  at  425°  F. 


Weight  and  loaf  volume  were  determined  immediately  after  removing  the 
loaves  from  the  oven.     Loaves  were  scored  the  following  day  on  the  basis  of 
volume,  grain,  and  texture.     The  results  are  reported  in  table  11. 


French  Method 

The  following  is  the  formula  used  in  the  French  method: 


Percent  (of  flour  weight) 
Flour  100 

Water  58-60  (based  on  Farinograph) 

Salt  1.8 
Yeast  1.0 


Malt  flour  was  added  as  required  to  adjust  to  a  falling  number  of 
approximately  150  seconds,  in  accordance  with  the  recommendations  of  Bourdet 
(_5 )  .     Failure  to  adjust  the  alpha-amy lase  activity  of  the  flours  resulted  in 
tight  grain,  flat  bloom  of  loaf  cuts,  poor  crust  color,  and  low  loaf  volumes 
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Part  of  the  water  was  added  to  the  mixer  (Artofex) ,  the  salt  was  dis" 
solved,   the  yeast  was  dispersed  In  the  remaining  water,  and  the  flour  was 
added.     The  dough  was  mixed  5  minutes,  allowed  to  rest  4  minutes,  mixed  5 
minutes,  rested  4  minutes,  and  mixed  2  minutes.     Total  mixing  time  was  12 
minutes.     Dough  temperature  out  of  mixer  was  kept  at  22°  C.    (72°  F.).  The 
doughs  were  punched  after  3-1/2  hours  and  allowed  1/2  hour  for  recovery.  The 
doughs  were  scaled  at  400  g.   and  proofed  for  1  hour  at  30°  C.   (86°  F.)  on  linen 
cloth  at  low  humidity.     In  general,  the  addition  of  American  wheat  flour  tended 
to  make  the  doughs  tougher  during  makeup.     The  doughs  would  not  relax  suffi- 
ciently to  elongate  properly  when  too  much  strong  wheat  was  added. 

The  doughs  were  baked  at  temperatures  of  250°  C.    (480°  F.)   to  280°  C. 
(546°  F.)   for  15  to  18  minutes,  with  low  pressure  steam  on  a  hearth  oven.  The 
dough  was  slit  on  top  before  being  placed  in  the  oven.     The  bread  was  evaluated 
on  the  basis  of  loaf  volume  (specific  volume,  cc./g.),  crust  color  and  charac- 
ter, bloom  of  cuts,  openness  of  grain,  and  color  of  crumb.     The  results  are 
reported  in  table  12. 

German  Rapid  Mix  Balcing  Method  [21] 

Portions  of  the  flour  blends  were  shipped  to  the  Federal  Cereal 
Research  Laboratory,  Detmold,  Germany,  for  baking  evaluation. 


The  formula  used  in  the  German  method  was  as  follows: 


Flour 
Yeast 
Salt 
Sugar 

Shortening  (groundnut  oil) 

Ascorbic  acid 

Water 


1,000  grams 

5.0  percent  (of  flour  weight) 

1.5 

1.0 

1.0 

0.002  " 

Varied  to  give  Farinograph  dough 
consistency  of  500  Brabender  units 


The  dough  was  mixed  for  1  minute  at  1,400  revolutions  per  minute,  with  a 
Universal  Quick  Kneader.     Dough  was  fermented  by  holding  in  a  plastic  bowl  for 
20  minutes  at  32°  C.    (89.6°  F.)   and  then  worked  by  hand,   rounded,   covered  with 
a  cloth,  and  held  for  10  minutes  at  20°-22°  C.    (68°-72°  F.).     The  dough  then 
was  separated  into  30  parts  on  a  fully  automatic  Werner  and  Pflelderer  machine. 
Pieces  were  proofed  for  3  minutes  at  20°-22°  C.   (68°-72°  F.)  and  were  molded 
with  a  "Frldalo"  Rolls  Long-Effect  machine  or  a  Rolls-Long  roll  machine.  The 
dough  pieces  were  placed  in  an  overhead  proofer  (32°  C.  or  89.6°  F.)  for 
approximately  30  minutes.     Doughs  were  baked  for  20  minutes  at  250°  C. 
(482°  F.)  in  a  Matador  Tier  oven  using  steam  Injection.     Evaluation  was  based 
on  general  estimation  of  dough  response  to  baking,  including  expansion,  brown- 
ing,  crlspness,  pore  distribution,   crumb  elasticity,  and  taste.  Volume 
increase  was  scored  as  follows: 


Insufficient  -  under  540  cc. 

Good  -  540  cc. 

Very  Good        -  620  cc.  and  over 

The  results  are  reported  in  table 


American  Association  of  Cereal  Chemists  Metliod  [Straight-Dough]  (3| 

This   test  baking  procedure  has  been  so  frequently  referred  to  in  the 
cereal  chemistry  literature  that  equipment  and  procedure  details  need  not  be 
reviewed.     The  formula,  mixing  development,   and  bromate  supplementation,  how- 
ever, were  those  of  Finney  and  Barmore  ( 10 ,   11 ,  12^): 


Flour 
Water 

Sucrose 

Nonfat  dry  milk 

Yeast 

Shortening 

Salt 

Bromate 


100  grams 

Variable  to  optimum 
baking  absorption 

5  grams 

A 

3 
3 
1 

Op  timal 


One  hundred  grams  of  flour  (lA-percent  moisture  basis)  was  placed  in  a 
Swanson  type  mixer  to  which  was  added  25  ml.   of  yeast  suspension  (12  g. 
compressed/100  ml.),  25  ml.   of  salt-sugar  (A  g.   and  20  g./lOO  ml.)  solution, 
shortening,  bromate,  and  sufficient  additional  water  to  bring  the  dough  to 
desired  consistency  after  mixing,   as  determined  by  experience.     Dough  was 
fermented  for  180  minutes;   the  dough  was  given  the  first  punch  after  105 
minutes,   and  the  second  after  an  additional   50  minutes.     After  an  additional 
25  minutes  the  dough  was  molded  by  machine  and  proofed  at   30°  C.    (86°  F.)  and 
75  percent  relative  humidity  for  55  minutes.     The  panned  loaves  were  baked  for 
25  minutes  at  230°  C.    (A46°  F.).     When  baked,  the  loaves  were  measured  for 
volume  and  scored.     The  results  are  reported  in  table  lA. 

RESULTS  AND  DISCUSSION 
Wheat  and  Dough  Characteristics 

The  quality  characteristics  of  the  North  American  wheats  are  shown  in 
tables  1  and  2,   and  of  the  European  wheats  in  tables   3  and  A.     All  samples 
were  graded  according  to  the  official  grades  of  the  United  States  Department 
of  Agriculture  (8^,   31),  and  the  grading  was  done  by  the  Grain  Division, 
Consumer  and  Marketing  Service,  U.S.  Department  of  Agriculture,  in  Kansas 
City,  Mo. 


Detailed  grading  information  for  all  samples  used  for  blending  purposes 
is  shown  in  tables  5,  6,  and  7.     All  the  North  American  wheats  graded  "heavy" 
because  of  high  test  weights.     The  wheats   from  England,  Germany,  Belgium, 
the  Netherlands,  and  France  all  graded  Soft  Red  Winter;   the  Austrian  and 
Swedish  wheats  graded  Hard  Winter;   and  the  samples   from  Switzerland  graded 
Northern  Spring.     Spring  wheat  from  Switzerland  was  not  expected  because  most 
wheat  grown  there  would  grade  Soft  Red  Winter.     However,   in  a  limited  area 
under  a  Government  incentive  program,  some  hard  spring  is  grown,  and  that  is 
what  the  Swiss  mill  supplied. 

Including  the  two  samples  of  hard  wheat   from  Switzerland   (whicli  had 
protein  contents  of  12.5  percent  in  196A  and  11.9  percent  in  1965,  and  irregular 
physical  dough  properties  compared  with  the  other  European  samples)  made  the 
averages  for  the  various  characteristics  of  the  European  wheats  and  flours 
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differ  somewhat  from  what  they  would  otherwise  have  been.     For  example,  the 
Alveograph  curve  characteristJ.es  of  the  Swiss  flours  were  entirely  apart  from 
all  other  samples.     The  peak  heights  of  the  curves  were  unusually  great  and 
the  curve  lengths  were  short.     However,  the  Swiss  wheat  flours  responded  well 
to  additions  of  American  hard  wheat  flour,  and  both  the  physical  dough  proper- 
ties and  baking  results  became  more  typical. 

Dough  Tests 

Both  Farinograph  and  Alveograph  values  for  the  blended  flours  are 
recorded  in  table  8.     Figure  1  shows  the  change  in  appearance  of  the 
Farinograph  and  Alveograph  curves  to  be  expected  with  blending.     Curves  based 
on  the  average  values  of  all  the  European  wheat  flours  are  compared,  on  the 
same  basis,  with  curves  obtained  when  1  part  of  flour  from  the  13 . 7-percent- 
protein  U.S.  hard  winter  wheat  was  blended  with  3  parts  of  flours  from  the 
European  wheats . 

The  Farinograph  curves  for  the  North  American  wheats  are  shown  in 
figure  2  ;Z/  those  for  the  European  wheats  and  blends  for  1964  in  figure  3,  and 
for  the  1965  crop  in  figure  4.     The  weaker  curve  characteristics  of  the 
European  wheats  compared  with  American  hard  wheats  are  evident  by  inspection 
and  by  the  absorption,   time  to  curve  peak,  and  valorimeter  values  in  tables  1, 
2,  3,  and  4.     With  additions  of  United  States  and  Canadian  wheat  flours,  the 
Farinograph  curves  showed  gradual  improvement  in  strength  characteristics  as 
the  protein  content  increased. 

The  general  changes  in  Farinograph  and  Alveograph  values  of  the  various 
flour  blends  for  the  2  years  are  most  evident  when  all  the  values  are  averaged 
for  the  different  protein  levels  and  wheat  type  as  presented  in  tables  9  and 
10. 

English  Baking  Test 

By  the  English  baking  procedure,   the  dough  absorption  and  bread  score 
of  the  United  States  and  Canadian  samples  responded  as  might  be  expected,  by 
increasing  with  increased  protein  content   (table  11).     Loaf  volumes,  however, 
did  not  reflect  flour  protein  differences,  which  suggests  that  this  procedure 
is  not  useful  for  measuring  the  strength  of  higher  protein  flours. 

Generally,   the  English  baking  procedure  showed  that  as  the  protein 
increased,  absorption,  loaf  volume,  and  baking  score  of  the  flour  blends 
increased.     In  a  few  instances  addition  of  even  the  low  protein  hard  wheat 
flour  made  a  noticeable  change  in  the  baking  characteristics. 


l_l  Figures  2  to  4  are  in  the  Appendix,  pp.  22-25. 
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ALVEOGRAPH 


FARINOGRAPH 


Figure  1. — Average  Alveograph  and  Farinograph  curves  for  the  flours  from  1964 
European  wheats  are  shown  on  the  left.     On  the  right  are  the  average  curves 
obtained  by  the  addition  of  25  percent  of  flour  from  the  13.7-protein  U.S. 
winter  wheat. 
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French  Baking  Test 


Results  obtained  with  the  French  baking  procedure  are  shown  in  table  12. 
French  bread  is   renowned  for  its  crisp  crust  and  crumb   chewiness  and  is  usual- 
ly considered  to  be  one  of  the  most  palatable  forms   of  bread.     French  bread  is 
often  baked  from  weak  flours.     It  is  a  hearth  bread  and,   therefore,  provided 
an  entirely  different  quality  appraisal  of  the  various  wheat   flour  blends.  The 
use  of  25  percent  North  American  flours  seemed  excessive.     Generally,   it  was 
observed  that  the  flours   that  yielded  mellow  doughs  were  preferable  to  those 
contributing  strength  through  quantity  of  protein  alone.     Quality  of  protein 
rather  than  quantity  of  protein  was  most  critical. 

In  the  evaluation,   the  supplementing  effects  of  the  United  States  and 
Canadian  wheats  by  the  French  baking  procedure  were  not  consistent.  Generally, 
however,   absorption,   loaf  volume,   and  bread  score  increased  slightly  with  an 
increase  in  the  protein  content  of  the  hard  wheat   flour  additions   to  the 
European  wheat   flours.     In  this   test  the  Swiss  wheat  gave  very  poor  baking 
scores   (with  large  loaf  volumes),   and  was  not  improved  by  adding  American  wheat 
flours . 

German  Baking  Test 

Results  obtained  with  the  German  baking  procedure  are  reported  in 
table  13.     The  baking  procedure  differs  markedly  from  the  others  but  represents 
a  typical  quality  evaluation  method.     In  Europe  there   is  a  tendency,  more  than 
in  North  America,   to  rely  on  the  experience  and  knowledge  of  the  baker.  This 
results  in  more  reliance  on  descriptive  terms  to  characterize  dough  and  baking 
properties   than  on  specific  measurements.     However,   all  the  loaf  volumes  were 
recorded  and  loaf  volume  generally  increased  with  protein  in  the  flours . 
Although  loaf  appearance  was  not  always  satisfactory,   crust  quality  and  crumb 
elasticity  were  almost  always  good. 

A.A.C.C.  Baking  Test 

The  A.A.C.C.   baking  procedure  evaluated  the  North  American  wheat  flour 
samples  in  a  predictable  manner,   as  shown  in  table  14.     Absorption,  mixing 
time,   and  loaf  volume  increased  as  the  flour  protein  increased.     The  loaf 
volumes  also  were  near  to  those  expected  from  long  use  of  the  same  baking 
procedure  on  North  American  wheat  flours. 

The  improvement  in  strength  characteristics  of  the  flour  blends  by 
adding  higher  protein  flour  to  weak  flour  is  clearly  shown  by  the  A.A.C.C. 
baking  test.     Flour  strength  is  related  directly  to  loaf  volume  when  this  test 
baking  procedure  is  correctly  applied.     Almost  without  exception,  25  percent 
additions  of  hard  wheat  flours  to  European  wheat  flours  increased  loaf  volume 
(table  14).     Although  the  Swedish  and  Swiss  wheats  were  hard  wheats  and  were 
much  higher  in  protein  content  than  the  wheats  from  the  other  European 
countries,   they  too  responded  favorably  to  additions  of  North  American  hard 
wheat  flour. 

Because  of  the  mechanical  exactness  with  which  the  A.A.C.C.  baking  test 
can  be  conducted  and  the  results  measured,  it  can  be  relied  on  to  provide  one 
of  the  best  overall  appraisals  of  maximum  flour  strength.     Dough  absorption, 
mixing  time,  bromate  response,  and  loaf  volume  potentials  of  flours  can  be 
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recorded  and  compared  in  a  scientific  manner.     The  results  of  the  evaluation 
of  the  flour  blends  by  the  A.A.C.C.  baking  procedure  are  therefore  of  special 
significance  if  a  direct  measure  of  flour  strength  is  desired  for  evaluating 
wheats   for  blending  and  for  the  blends  themselves. 

CONCLUSIONS 

There  are  many  differences  of  opinion  regarding  the  measurement  of  flour 
quality.     Some  consider  baking  results,  particularly  loaf  volume,   the  major 
criterion  of  quality,  with  absorption  values   also  highly  important.     In  this 
context,  loaf  volume  equates  directly  to  what  most  regard  as  strength.  Others 
contend  that   the  ultimate  in  quality  is  a  soft,   pliable  dough   that  can  be 
molded  easily  and  that  will  give  a  satisfactory  loaf  volume.     Often,  satisfac- 
tory physical  dough  properties  are  given  paramount  consideration,  regardless 
of  other  factors . 

This  investigation  did  not  attempt   to  elucidate  how  best  to  evaluate 
differences  in  quality  characteristics   among  flours.     It  is  well  known  that 
physical  dough  properties  and  baking  properties  change  with  additions  of  hard 
wheat   flour  to  European  soft  wheat   flour.     This  study  presents  data  that  permit 
simultaneous  comparison  of  such  changes  using  a  variety  of  methods  commonly 
used  in  Europe  and  the  United  States   to  seek  as  broad  as  possible  an  evaluation 
of  the  nature  and  import  of  the  changes.     Information  was  also  sought  regarding 
the  comparative  values  of  spring  and  winter  wheats   for  blending. 

The  overall  average   changes  in  the  flour  characteristics  after  blending 
are  most  easily  studied  from  table  9,  which  summarizes   the  results   for  the  2 
years . 

An  item  of  importance   to  observe  is   that   the  average   flour  protein  con- 
tent of  the  European  wheats   from  eight  countries  is   the  same  for  the  2  years, 
namely,  9.3  percent.     This  percentage  is  somewhat  higher  than  normal  because 
the  wheat  samples   from  Switzerland,  which  were  high  in  protein   (having  flour 
protein  values  of  11.4  percent  in  1964  and  10.5  percent  in  1965)  were  included 
in  data  for  both  years.     Protein  values  of  that  magnitude  are  not  common  in 
either  Switzerland  or  Western  Europe.     However,  it  was  of  interest  that  the 
Swiss  wheat,   although   classed  as  a  hard  wheat,  possessed  unusual  physical 
dough  characteristics  and  abnormal  dough  handling  properties  in  some  cases. 
When  supplemented  with  North  American  wheat   flour,   the  dough  properties  fell 
more  nearly  into  line  with  the  customary  performance  of  a  hard  wheat  flour. 

In  this  studv,  protein  levels  on  the  average  were  increased  rather 
modestly  at  most   (from  9.3  percent  average   for  all  the  European  wheat  flours 
to  10.4  percent  average  with  25  percent  of  the  highest  protein  supplementary 
flour),  but  the  added  quantity  of  protein  was  a  significant   factor  with  some 
of  the  results.     This  was  particularly   true  with  the  poorer  European  wheats 
and  for  loaf  volume  values  obtained  by  the  modified  A.A.C.C.  baking  method. 
The  quality  of  protein  arrived  at  by  the  blending  was  more  important  with  other 
evaluation  methods,  especially  the  French  and  English  baking  procedures,  and 
by  criteria  other  than  loaf  volume. 

An  effort  was  made  to  examine  and  compare  supplementing  effects  among 
the  flour  combinations  somewhat  more  closely  by  the  methods  Indicated  in 
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tables  15  through  21.     Improvements  in  loaf  volume  and  other  quality  categories 
were  estimated  and  expressed  as  "improvement  units"  to  allow  segregation  of 
effects  that  would  otherwise  be  obscured.     Some  of  these  effects  can  be  summa- 
rized briefly  as  follows : 

On  the  basis  of  overall  performance  by  the  English  baking  method 
(table  15),  as  reflected  by  the  net  total  improvement  units   (at  the  bottom  of 
the  table),  the  13.7-percent  HRW  wheat  was  superior  to  the  spring  wheats  of 
the  same  protein  content  and  nearly  as  good  as  the  higher  protein  Mcinitoba 
wheat.     Significant  improvement  was  also  obtained  from  the  lower  protein  winter 
wheats . 


The  Belgian,  English,  and  German  wheats  seemed  to  be  benefited  to  a 
greater  degree  than  the  French,  Swedish,  and  Swiss  on  the  basis  of  the  total 
improvement  units  in  the  right  hand  column  of  the  table.     The  Austrian  and 
Dutch  wheats  showed  an  intermediate  response. 


On  the  basis  of  total  improvement  score  by  the  French  baking  method 
(table  16),  the  13.7-percent  HRW  wheat  again  was  superior  to  the  other  two 
wheats  of  the  same  protein  content  and,  in  this  instance,  appeared  to  be 
superior  to  the  higher  protein  Canadian  wheat.     Improvement  by  the  lower 
protein  YHW  wheat  probably  is  nonsignificant. 

The  Austrian,  English,  and  Dutch  wheats  seemed  to  respond  best  to  the 
higher  protein  wheats;  whereas,   the  wheats  from  France,  Germany,  and  Sweden 
were  apparently  not  improved.     The  Belgian  and  Swiss  wheats  seemed  intermediate 
in  response.  - 

With  the  German  baking  procedure  (table  17)   all  the  spring  wheats 
appeared  to  outperform  the  winter  wheats,   regardless  of  protein  content.  In 
fact,  the  highest  protein  (14.5  percent)  spring  wheat  appeared  to  be  no  better 
than  the  other  two  spring  wheats  of  lower  protein  content  (13.7  percent).  The 
three  lowest  protein  winter  wheats  gave  no  significant  improvement  in  average 
loaf  volume.     The  differences  in  overall  evaluation  by  this  baking  method 
contrast  markedly  with  the  loaf  volume  improvement,  which  followed  protein 
level  fairly  closely  and  in  which  the  HRW  flour  gave  equal  response  at  equal 
protein  when  compared  to  the  DNS   (Dark  Northern  Spring)  flour. 


Again,   the  English  and  Dutch  wheats  were  helped  the  most  by  the  supple- 
mentary wheats,  with  the  Austrian,  Belgian,  and  German  wheats  responding 
moderately.     The  others  were  not  improved. 


As  noted  earlier,  the  response  to  the  supplementing  wheats  was  shown  by 
the  A.A.C.C.  baking  procedure  (table  18)  to  be  closely  related  to  protein  con- 
tent. The  two  spring  and  one  winter  wheat  that  contained  13.7-percent  protein 
gave  about  the  same  total  response,  whereas  wheats  of  lower  and  higher  protein 
contents  gave  approximately  proportionate  responses.  The  response  by  this 
method  is  based  on  changes  in  loaf  volume  only. 


Greatest  responses  were  again  obtained  with  the  English  and  Dutch  wheats 
lowest  response  was  from  the  Austrian  wheat;  and  those  of  all  others  were  inter- 
mediate. A  difference  due  to  crop  year  seemed  more  evident  with  this  procedure 
than  for  the  other  baking  methods. 
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Only  the  higher  protein  wheats  produced  a  significant  improvement  in 
Valorimeter  readings   (table  19).     The  13.7-percent  HRW  performed  slightly 
better  than  the  two  spring  wheats  of  the  same  protein  content,  but  not  as  well 
as  the  lA . 5-percent-proteln  spring. 

The  Austrian,  German,  and  Swedish  wheats  benefited  significantly.  The 
English  and  French  wheats  were  helped  slightly  and  the  remainder  were  not 
improved.     In  fact,  the  1965  Swiss  wheat  was  consistently  harmed  by  the  blend- 
ing, with  regard  to  this  particular  criterion  of  quality. 

All  except  the  lowest  protein  supplementary  wheat  seemed  to  improve 
Mixing  Tolerance  Index  values  (table  20)  of  the  European  wheats,  on  an  overall 
basis.     The  improvement  was  roughly  proportional  to  protein  content,  except 
for  the  13.7-percent  DNS  wheat.     The  difference  for  this  wheat  may  very  well  be 
fortuitous  and  not  real. 

The  Belgian  wheats  responded  to  the  greatest  degree.     Austrian  and 
Swedish  wheats  were  not  helped  at  all  by  the  supplementation,  and  the  others 
showed  an  intermediate  though  strong  positive  effect. 

All  of  the  13. 7-percent-protein  wheats  and  the  12 . 0-percent-protein  HRW 
produced  approximately  the  same  overall  improvement  in  Alveograph  W  values 
(table  21),  but  the  14 . 5-percent-protein  Canadian  was  clearly  superior  to 
them.     The  9 . 8-percent-protein  YHW  showed  a  net  negative  effect. 

The  Belgian  wheats  again  showed  the  greatest  response,  and  the  Austrian 
and  Swiss  wheats  were  harmed  more  often  than  helped.     The  remainder  were  helped 
from  a  moderate  to  a  good  extent. 

The  various  comparisons  made  with  these  derived  values  can  be  summarized 
usefully  by  ranking  the  supplementary  wheats  in  the  order  of  their  total 
average  benefit.     This  is  shown  in  table  22,  together  with  the  numerical  totals 
upon  which  the  rankings  are  based.     Of  the  four  baking  tests  used,  the  results 
with  the  German  and  A.A.C.C.  methods  rank  the  supplementing  wheats  in  the  order 
of  their  protein  content  and  the  traditional  concept  of  baking  strength.  For 
example,  spring  wheat  flours  are  generally  regarded  as  stronger  wheats  than 
winter  wheats  of  equal  protein  content.     The  English  procedure  appears  to  favor 
the  winter  wheats  in  that  two  of  them  are  ranked  higher  than  they  would  be  on 
traditional  grounds.     The  French  baking  procedure  results  likewise  change  the 
traditional  order:     two  13. 7-percent-protein  wheats  are  ranked  above  the  14. 5-- 
percent-protein  Canadian  wheat,  and  the  13.7-percent  HRW  outranks  all  of  the 
spring  wheats . 

Rankings  from  Valorimeter  values  rate  the  13.7-percent  HRW  over  its 
13 . 7-percent-protein  counterparts,  but  MTI  values  correspond  more  closely  to 
the  traditional  order.     Rankings  by  Alveograph  W  values  are  perhaps  the  most 
unusual;  the  two  higher  protein  winter  wheats  are  interchanged  and  the  12.0- 
percent-protein  HRW  outranks  the  13. 7-percent-protein  DNS.     The  latter  was 
also  true  with  the  English  baking  method  results.     Although  not  entirely 
consistent,  numerical  values  for  the  two  13.7-percent  spring  wheats  (U.S.  DNS 
and  Canadian)  were  generally  similar,  indicating  their  general  equality  in 
accord  with  experience.     Also,  the  11 . 2-percent-protein  HRW  produced  a 
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consistent  degree  of  improvement,  although  the  9.8-percent  YHW  wheat  was 
usually  a  detriment  to  the  blend. 

The  rather  arbitrary  comparisons  in  tables  15  through  21  and  the  widely 
different  parameters  used  tend  to  blur  the  sharpness  of  any  conclusions  that 
can  be  drawn,  but  it  is  clear  that  the  13.7-percent  HRW  supplementary  wheat 
performed  quite  as  well  as  its  two  spring  wheat  counterparts.     In  several 
instances  it  performed  better,  in  fact.     A  likely  reason  is  that  the  mellowness 
of  the  winter  wheat  flours  fit  better  with  the  European  wheats  in  the  European 
baking  procedures  than  the  so-called  stronger  spring  wheats  of  equivalent 
protein  content.     Another  notable  observation  is  that  the  11.2-  and  12.0- 
percent  HRW  wheats,  while  not  raising  the  total  protein  contents  of  the  blends 
very  much,  significantly  improved  the  baking  qualities  of  the  blends.  This 
finding  indicates  that  the  winter  wheats  usually  play  a  more  active  and  useful 
role  in  European  flours  than  is  implied  in  the  rather  inert-sounding  term 
"filler  wheats,"  their  traditional  role  in  European  grists. 

Despite  the  excellent  performance  of  the  winter  wheats  in  these  com- 
parisons, it  is  clear  that  the  overall  benefit  to  the  European  flours  is 
consistently  proportional  to  total  protein  content.     This  finding  confirms  the 
many  years  of  trade  experience  with  imported  wheats  in  Europe. 

One  is  tempted  to  try  to  discern  interrelationships  between  the  wheats 
of  each  country  and  the  supplementing  wheats,  but  far  too  few  individual  sam- 
ples are  available  in  this  study  to  permit  meaningful  conclusions.  Definition 
of  any  such  relationships  must  await  future  research  directed  toward  such  a 
specific  objective. 

Preliminary  reports  that  include  portions  of  this  study  have  been  made 
(27 ,  28) . 
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TABLE  11. — Evaluation  of  wheat  flours  and  3:1  blends  by  the 


English  baking  procedure 


Wheats  represented 

Absorp- 

Loaf 

Loaf 

Specific 

Baking 

in  sample 

tion 

weigh  t 

vo 1 ume 

volume 

score 

U.S. 

Pet . 

G. 

Cc. 

9. 8-pct. -protein 

winter 

57.5 

175 

768 

4. 

4 

73 

11. 2-pct . -protein 

winter 

60.3 

171 

723 

4. 

2 

73 

12 . 0-pct . -protein 

winter 

61.3 

172 

710 

4. 

2 

74 

13. 7-pct. -protein 

winter 

64.1 

166 

715 

4. 

3 

76 

13.  7-pct. -protein 

spring 

62.  7 

166 

648 

3. 

9 

70 

Canada 

13. 7-pct. -protein 

spring 

62. 1 

170 

725 

4. 

3 

78 

14. 5-pct . -protein 

spring 

63.1 

167 

715 

4. 

3 

80 

Austria,  1964 

Unblended 

60.9 

171 

680 

4. 

0 

78 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

58.9 

168 

688 

4. 

1 

77 

11. 2-pct .-protein 

winter 

(U.S.) 

59.  3 

168 

683 

4. 

1 

77 

12. 0-pct . -protein 

winter 

(U.S.) 

59.  7 

170 

693 

4. 

1 

79 

13. 7— pet .— protein 

winter 

(U.S.) 

60.  3 

167 

713 

4. 

3 

79 

13 . 7-pct . -protein 

spring 

(U.S.) 

60.  3 

169 

735 

4. 

4 

79 

13. 7-pct . -protein 

spring 

(Canada) 

60.  3 

170 

693 

4. 

1 

79 

14. 5-pct . -protein 

spring 

(Canada) 

60.  3 

168 

710 

4. 

2 

80 

Austria,  1965 

Unblended 

61.  3 

171 

595 

3. 

5 

72 

Blended  with  : 

9 . 8-pct . -protein 

winter 

(U.S.) 

60.  3 

170 

595 

3. 

5 

70 

11. 2-pct . -protein 

winter 

(U.S.) 

60.  3 

167 

585 

3. 

5 

70 

12 . 0-pct . -protein 

winter 

(U.S.) 

60.  3 

169 

620 

3. 

7 

73 

13 . 7-pct . -protein 

winter 

(U.S.) 

60.  3 

168 

633 

3. 

4 

73 

13 . 7-pct . -protein 

spring 

(U.S.) 

60.3 

166 

613 

3. 

7 

72 

13 . 7-pct . -protein 

spring 

(Canada) 

60.3 

160 

633 

3. 

9 

73 

14 . 5-pct . -protein 

spring 

(Canada) 

61.3 

167 

643 

3. 

8 

73 

Belgium,  1964 

Unblended 

55.7 

174 

623 

3. 

6 

63 

Blended  with  : 

9 . 8-pct . -protein 

winter 

(U.S.) 

56.1 

173 

638 

3. 

7 

67 

11 . 2-pct . -protein 

winter 

(U.S.) 

56.3 

173 

648 

3. 

8 

68 

12 . 0-pct . -protein 

winter 

(U.S.) 

56.3 

171 

628 

3. 

7 

67 

13 . 7-pct . -protein 

winter 

(U.S.) 

56.3 

169 

660 

3. 

9 

71 

13. 7-pct. -protein 

spring 

(U.S.) 

56.3 

170 

693 

4. 

1 

67 

13. 7-pct . -protein 

spring 

(Canada) 

56.3 

171 

668 

3. 

9 

65 

14 . 5-pct • -protein 

spring 

(Canada) 

56.3 

169 

690 

4. 

1 

69 
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TABLE  11. — Continued 


Wheats  represented 

Absorp- 

Loaf 

Loaf 

Specific 

Baking 

in  sample 

tion 

weigh  t 

volume 

volume 

score 

Belgium,  1965 

Pet . 

G. 

Cc. 

Unblended 

60.  3 

173 

575 

3, 

.  3 

64 

Blended  with: 

9 . 8-pct .-protein 

winter 

(U.S.) 

58.  3 

171 

605 

3, 

,5 

67 

11 . 2-pct . -protein 

winter 

(U.S.) 

58.  3 

172 

570 

3. 

,  3 

66 

12. 0-pct .-protein 

winter 

(U.S.) 

59.3 

173 

608 

3, 

,5 

68 

l3. 7-pct . -protein 

winter 

(U.S.) 

59.3 

172 

608 

3, 

.5 

69 

13 . 7" pc  t . —protein 

cry  T*-!  no 

(U.S.) 

59.  3 

169 

590 

3. 

,5 

66 

13. 7-pct . -protein 

spring 

(Canada) 

57.9 

172 

628 

3. 

,  7 

71 

14. 5-pct .-protein 

spring 

(Canada) 

58.  3 

170 

675 

4, 

,  0 

66 

England,  1964 

Unblended 

53.  7 

177 

633 

3, 

.6 

71 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

54.5 

175 

645 

3, 

,  7 

68 

11 . 2-pct . -protein 

winter 

(U.S.) 

54.9 

174 

705 

4. 

,  1 

72 

12 .0-pct . -protein 

winter 

(U.S.) 

55.5 

172 

691 

4, 

,0 

71 

13. 7-pct .-protein 

winter 

(U.S.) 

56.3 

173 

697 

4. 

,0 

73 

13 . 7— p  c t . —protein 

rl nff 

(U.S.) 

55.3 

173 

668 

3, 

,9 

70 

13. 7-pct . -protein 

spring 

(Canada) 

55.8 

173 

680 

3. 

,9 

70 

14 . 5-pct . -protein 

spring 

(Canada) 

56.9 

170 

680 

4, 

,  0 

70 

England,  1965 

Unblended 

58.  3 

173 

543 

3. 

,  1 

60 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.S.) 

58.3 

171 

558 

3. 

,  3 

62 

11. 2-pct .-protein 

winter 

(U.S.) 

57.9 

175 

565 

3, 

,  2 

63 

12 . 0-pct . -protein 

winter 

(U.S.) 

68.7 

171 

575 

3. 

,  3 

62 

13. 7-pct . -protein 

winter 

(U.S.) 

59.3 

171 

613 

3. 

6 

65 

13. 7-pct . -protein 

spring 

(U.S.) 

59.9 

170 

610 

3. 

.6 

67 

13. 7-pct . -protein 

spring 

(Canada) 

59.1 

171 

620 

3. 

.6 

67 

14 . 5-pct . -protein 

spring 

(Canada) 

59.5 

170 

600 

3. 

.5 

68 

France,  1964 

Unblended 

57.  7 

174 

618 

3. 

,6 

62 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

56.7 

170 

625 

3. 

7 

62 

11 . 2-pct . -protein 

winter 

(U.S.) 

58.3 

173 

618 

3. 

.6 

71 

12 . 0-pct . -protein 

winter 

(U.S.) 

57.1 

170 

623 

3. 

1 

68 

13 . 7-pct . -protein 

winter 

(U.S.) 

57.3 

170 

648 

3. 

8 

70 

13. 7-pct . -protein 

spring 

(U.S.) 

58.3 

171 

645 

3. 

8 

69 

13. 7-pct . -protein 

spring 

(Canada) 

56.9 

170 

653 

3. 

8 

69 

14 . 5-pct . -protein 

spring 

(Canada) 

58.3 

168 

670 

4. 

0 

72 
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TABLE  11. — Continued 


Wheats  represented  Absorp-        Loaf  Loaf        Specific  Baking 

in  sample  tlon         weight      volume        volume  score 


France,  1965 

Unblended 

Blended  with : 

9 . 8-pct . -protein  winter 
11 . 2-pct . -protein  winter 
12 . 0-pct . -protein  winter 
13 . 7-pct . -protein  winter 
13. 7-pct . -protein  spring 
13. 7-pct . -protein  spring 
14 . 5-pct . -protein  spring 

Germany,  1964 

Unblended 

Blended  with : 

9 . 8-pct . -protein  winter 
11. 2-pct . -protein  winter 
12 . 0-pct . -protein  winter 
13 . 7-pct . -protein  winter 
13. 7-pct . -protein  spring 
13 . 7-pct . -protein  spring 
14 . 5-p ct . -protein  spring 

Germany,  1965 

Unb lended 

Blended  with : 

9 . 8-pct . -protein  winter 
11 . 2-pct . -protein  winter 
12 . 0-pct . -protein  winter 
13 . 7-pct . -protein  winter 
13 . 7-pct . -protein  spring 
13. 7-pct . -protein  spring 
14 . 5-pct . -protein  spring 

Netherlands,  1964 

Unblended 

Blended  with : 

9 . 8-pct . -protein  winter 
11 . 2-pct . -protein  winter 
12 . 0-pct . -protein  winter 
13 . 7-pct . -protein  winter 
13 . 7-pct . -protein  spring 
13 . 7-pct . -protein  spring 
14 . 5-pct . -protein  spring 


Pet 

G. 

58. 

3 

170 

(U.S.) 

58. 

3 

170 

(U.S.) 

58. 

3 

173 

(U.S.) 

58. 

3 

169 

/  TT     r"  \ 

(U.S.) 

58. 

3 

170 

(U.S.) 

58. 

3 

171 

(Canada) 

57. 

5 

168 

(Canada) 

58. 

1 

171 

59. 

1 

175 

(U.S . ) 

58. 

7 

172 

(U.S.) 

59 . 

1 

172 

(U.S.) 

59. 

1 

170 

(U.S.) 

60 . 

3 

168 

(U.S.) 

60. 

3 

172 

(Canada) 

59. 

3 

173 

(Canada) 

59. 

7 

174 

59 . 

3 

171 

(U.S.) 

58. 

3 

172 

(U.S.) 

58. 

3 

166 

/  TT     C  \ 

(U.S.) 

58. 

3 

171 

(U.S.) 

58. 

5 

173 

(U.S.) 

59. 

3 

169 

(Canada) 

59. 

3 

167 

(Canada) 

59. 

3 

171 

56. 

7 

176 

(U.S.) 

56. 

3 

175 

(U.S.) 

55. 

9 

172 

(U.S.) 

56. 

1 

176 

(U.S.) 

56. 

3 

169 

(U.S.) 

56. 

7 

171 

(Canada) 

56. 

5 

171 

(Canada) 

56. 

3 

174 

Cc. 


623 

3. 

7 

65 

595 

3. 

5 

71 

658 

3. 

8 

71 

643 

3. 

8 

72 

628 

3. 

8 

74 

648 

3. 

8 

73 

625 

3. 

7 

72 

620 

3. 

6 

74 

570 

3. 

3 

71 

618 

3. 

6 

71 

625 

3. 

6 

71 

628 

3. 

7 

71 

633 

3. 

8 

72 

560 

3. 

3 

71 

615 

3. 

6 

71 

633 

3. 

6 

71 

573 

3. 

3 

65 

593 

3. 

4 

66 

593 

3. 

6 

67 

653 

3. 

8 

70 

620 

3. 

6 

68 

595 

3. 

5 

68 

618 

3. 

7 

68 

613 

3. 

6 

69 

568 

3. 

0 

59 

593 

3. 

4 

64 

575 

3. 

4 

64 

633 

3. 

6 

67 

625 

3. 

7 

68 

583 

3. 

4 

65 

605 

3. 

5 

66 

618 

3. 

6 

71 
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Wheats  represented 

Absorp- 

Loaf 

Loaf 

Specific 

Baking 

in  sample 

tion 

weight 

volume 

volume 

score 

Netherlands ,  1965 

Pet . 

G. 

Cc. 

Unb lended 

55.7 

174 

555 

3. 

2 

62 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

59.9 

176 

605 

3. 

4 

63 

11. 2-pct. -protein 

winter 

(U.S.) 

61.5 

170 

565 

3. 

3 

64 

12 . 0-pct . -protein 

winter 

(U.S.) 

62 . 3 

171 

570 

3. 

3 

6  3 

13 . 7-pct . -protein 

winter 

(U.S.) 

62 .  3 

166 

580 

3 . 

5 

66 

13. 7-pct .-protein 

spring 

(U.S  .  ) 

59 .  7 

172 

575 

3. 

3 

65 

13. 7-pct . -protein 

spring 

(Canada) 

59 .  7 

171 

553 

3. 

2 

64 

14 . 5-pct . -protein 

spring 

(Canada) 

60 .  3 

174 

620 

3. 

6 

65 

Sweden,  1964 

Unb lended 

59.  3 

166 

743 

4. 

5 

74 

Blended  wi  th : 

9 . 8-pct . -protein 

winter 

(U.S.) 

58.  3 

168 

748 

4 . 

4 

73 

11 . 2-pct . -protein 

winter 

(U.S.) 

58.  7 

168 

743 

4 . 

4 

74 

12 . 0-pct . -protein 

winter 

(U.S  .  ) 

58.9 

168 

723 

4 . 

3 

74 

13 . 7-pct . -protein 

winter 

/"it    c  \ 

(U.S.) 

59 . 9 

167 

765 

4 . 

6 

74 

13 . 7-pct . -protein 

spring 

(U.S. ) 

59 . 7 

167 

770 

4 . 

6 

74 

13 . 7-pct . -protein 

spring 

(Canada) 

59 .  7 

168 

758 

4. 

6 

75 

14 . 5-pct . -protein 

spring 

(.Canada) 

59 . 5 

168 

760 

4. 

5 

76 

Sweden,  1965 

Unblended 

61.3 

168 

595 

3. 

6 

71 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.S.) 

60.  3 

170 

618 

3. 

6 

71 

11. 2-pct. -protein 

winter 

(U.S.) 

61.  3 

169 

575 

3. 

4 

70 

12 . 0-pct . -prote  in 

winter 

(U.S  . ) 

61.  3 

172 

610 

3. 

6 

71 

13. 7-pct . -protein 

winter 

(U.S.) 

61.3 

180 

658 

3. 

6 

72 

13. 7-pct . -protein 

spring 

(U.S.) 

61.  3 

172 

595 

3. 

5 

71 

13 . 7-pct .-protein 

spring 

(Canada) 

61.3 

170 

570 

3. 

4 

70 

14 . 5-pct . -protein 

spring 

(Canada) 

61.  3 

171 

613 

3. 

6 

74 

Switzerland,  1964 

Unb lended 

69.5 

170 

635 

3. 

7 

79 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.S.) 

65.3 

172 

653 

3. 

8 

78 

11 . 2-pct . -protein 

winter 

(U.S.) 

65.  7 

168 

655 

3. 

9 

79 

12 . 0-pct . -protein 

winter 

(U.S . ) 

65.9 

168 

640 

3. 

8 

78 

13. 7-pct . -protein 

winter 

(U.S.) 

66 .  3 

168 

673 

4. 

0 

81 

13. 7-pct . -protein 

spring 

(U.S.) 

66.  7 

170 

650 

3. 

8 

79 

13. 7-pct . -protein 

spring 

(Canada) 

66.  7 

170 

665 

3. 

9 

79 

14 . 5-pct . -protein 

spring 

(Canada) 

66 . 9 

171 

640 

3. 

7 

80 

Switzerland,  1965 

Unblended 

70.7 

174 

483 

2 

.8 

71 

Blended  with : 

9 . 8-pct . -protein  winter 

(U.S.) 

68.3 

173 

493 

2 

.9 

70 

11 . 2-pct . -protein  winter 

(U.S.) 

68.3 

174 

478 

2 

.8 

69 

12. 0-pct. -protein  winter 

(U.S.) 

68.3 

174 

500 

2 

.9 

69 

13. 7-pct .-protein  winter 

(U.S.) 

68.3 

173 

503 

2 

.9 

70 

13 . 7-pct . -protein  spring 

(U.S.) 

68.3 

175 

515 

2 

.9 

70 

13 . 7-pct . -protein  spring 

(Canada) 

68.3 

175 

540 

3 

.1 

73 

14 . 5-pct . -protein  spring 

(Canada) 

69.3 

173 

540 

3 

.  1 

73 
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TABLE  13 . — Evaluation  of  wheat  flours  and  3:1  blends  by  the  German 

baking  procedureji/ 


Wheats  represented  Dough  Dough  Loaf 

in  sample  consistency  yield      volume  Appearance 


U.S. 

b  . 

P/-> 

9 . 8— p  ct . — p  rotein 

winter 

Normal 

100  . 

7 

out) 

Satis  factory 

11. 2— p ct . — p rot ein 

winter 

Normal 

10  /  , 

.  J 

-)y  4 

Not  good 

12 . 0— pet ■ —protein 

winter 

No  rmal 

loy . 

o 
.  J 

^;  "5  0 

DO/ 

Not  good 

13.  7— p c t .  — p ro tein 

winter 

Normal— s  omewhat 

tight 

107  , 

.  J 

oy  4 

Good 

13. 7~pc t . —protein 

spring 

Normal— somewhat 

tight 

1  /  U  1 

>  J 

/  U  J 

Not  good 

Canada 

13. 7— pet.— protein 

spring 

Normal— somewhat 

tight 

1  /  u . 

9 

/  U  J 

Not  good 

14 . 5— p  ct . — p  rotein 

spring 

Somewhat  tight 

loy . 

Q 

Not  good 

Austria,  1964 

unDienaea 

Normal  > 

10  / . 

Q 

.  o 

^;  1  0 

D  1/ 

Not  good 

Dienaea  witn: 

9 . 8— pet .—protein 

winter 

Normal 

1  A  7 

Id/. 

1 

.  X 

DUX 

Not  good 

11 . 2-pct . —protein 

winter 

(U .b  .  ) 

Normal 

100  . 

Q 

b  jX 

Not  good 

12 . 0-pct . -protein 

winter 

(.u  .b . ; 

Normal— somewhat 

tight 

1  A  7 

10  / . 

Q 

.  y 

Oho 

Not  good 

13. 7-pct . -protein 

winter 

("TT  c  ^ 

N 0 rma 1- s omewh a t 

tight 

loy , 

,  1 

D 

CjOOQ 

13 . 7-pct . —protein 

spring 

{U .b  .  ) 

Normal— s  omewhat 

tight 

10  8, 

o 
.  0 

o  jy 

Good 

13. 7— pet . —protein 

sp  ring 

(Canada) 

Norma 1— somewhat 

tight 

1  A  c 

10  0. 

Q 

A  0  Q 

Not  good 

14 . 5— pet . —protein 

spring 

( Canada) 

Normal 

lOB . 

Q 

DC)  / 

Not  good 

Austria,  1965 

Utib  iGiidsd 

Normal— s  omewhat 

eigne 

ID  /  . 

.  D 

D  Z.D 

Not  good 

Dienaea  witn : 

9 . 8-pct . —protein 

winter 

(,U  .b . ; 

Normal 

T  7 
10  /  . 

.  1 

Q  /, 

Not  good 

11 . 2— p  ct . —protein 

winter 

(U .b  .  ) 

Normal— somewhat 

tight 

1  A  7 
10  /  . 

/, 

.  H 

A  1  ft 
0  ±o 

Satis  factory 

12 . 0— pet . —protein 

winter 

I,  u .  0 . ; 

N 0 rma 1— s omewh a t 

tight 

1  A7 
ID  /  . 

0 

.  U 

Oh  / 

Not  good 

13 . 7— pet . —protein 

winter 

(V ,b  .  )  „  . 

Normal— s  omewhat 

tight 

100  . 

/, 
.  H 

A  7  ft 
0/0 

Good 

13 . 7— pet . —protein 

spring 

(.U.S.;     „  . 

Normal— s  omewhat 

tight 

ID  O  . 

.  u 

0  HZ 

Not  good 

13. 7— p ct . —protein 

spring 

V  uanauay 

Normal 

1  AR 
IDO  . 

n 

D  ZU 

Not  good 

14 . 5— pet . —protein 

spring 

( Canada) 

Normal 

1  A7 
ID  /  . 

.  D 

A  ^  S 
0  J  J 

Good 

Belgium,  1964 

Unb lende  d 

Normal 

J.  u  J  . 

.  J 

U  -L  O 

ciendea  witn : 

9 . 8-pct . -protein 

winter 

/TT    C  \ 

(V  .b . ) 

Normal 

10i> . 

r 

,  J 

OdU 

Not  good 

11 . 2-pct . -protei^ 

winter 

/TT    C  ^ 

Normal 

T  A  c: 
10  J  . 

c 

.  J 

DJO 

Satis  factory 

iz . u-p  ct . -protein 

winter 

/TT    C  ^ 

(U .b  .  ) 

XT  _  .      _  T 

No rma i 

T  A  ^ 
10  J  . 

.  D 

A  9  R 
uZ  J 

Satisfactory 

13 . 7-pct . -protein 

winter 

/TT    C  ^ 

Normal 

1  A 

10  J  . 

c 
,  0 

dzd 

Not  good 

13 . 7-p  ct . -protein 

spring 

/TT     C  ^ 

(U  .b. ) 

Normal 

1  A  Q 
10  J  . 

7 

A  A  0 
DDZ 

Satis  factory 

13 . 7-pct . -protein 

spring 

VLanada; 

Normal 

1  AA 
100  . 

.  U 

A  A  /i 

Good 

14 . 5 -pet . -protein 

spring 

(.Lanaaa; 

Normal 

1  A  Q 
10  J  . 

c 
.  D 

A/.  7 
OH  / 

Not  good 

Belgium,  1965 

Unblended 

Normal-somewhat 

short 

164. 

,4 

542 

Satisfactory 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

Normal-somewhat 

short 

165. 

,1 

569 

Not  good 

11 . 2-pct . -protein 

winter 

(U.S.) 

Normal-somewhat 

short 

165. 

,3 

603 

Not  good 

12 . 0-p  ct . -protein 

winter 

(U.S.) 

Normal-somewhat 

short 

165. 

2 

578 

Satis  factory 

13 . 7-pct . -protein 

winter 

(U.S.) 

Normal-somewhat 

short 

166. 

,0 

616 

Not  good 

13. 7-pct .-protein 

spring 

(U.S.) 

Normal 

165. 

,1 

575 

Satisfactory 

13. 7-pct . -protein 

spring 

(Canada) 

Normal 

165. 

,  1 

588 

Satisfactory 

14. 5-pct. -protein 

spring 

(Canada) 

Normal 

165. 

,  1 

616 

Not  good 
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TABLE  13. — Continued 


Wheats  represented 

Dough 

Dough 

Loaf 

in  sample 

consistency 

yield 

volume 

Appearance 

England,  1964 

G. 

Cc. 

Unb lended 

Normal-somewhat 

tight 

163, 

.  6 

617 

Not  good 

Blended  with; 

9 • 8~pct ■ "protein  winter 

(U.S . ) 

Normal-somewhat 

tight 

164, 

,  3 

C  "7 

Not  good 

11 . 2-pct . -protein  winter 

(U.S.) 

N  0  rma 1- s  omewh  a  t 

tight 

164, 

.  8 

637 

Satisfactory 

12 . 0— pet . —protein  winter 

(U.S.) 

Normal-somewhat 

tight 

164, 

.  7 

629 

Not  good 

13 . 7— p ct . —protein  winter 

(U.S.) 

Normal-somewhat 

tight 

165 . 

,  1 

690 

Good 

1 3 . 7— pet . — prote in  spring 

(U.S.) 

Normal-somewhat 

tight 

164, 

.9 

713 

Good 

13 . 7— p ct . —protein  spring 

(Canada) 

Normal-somewhat 

tight 

165, 

.0 

640 

Not  good 

14 . 5— p ct . — p rotein  spring 

(Canada) 

Normal-somewhat 

tight 

165, 

,  1 

668 

Not  good 

England,  1965 

Unb lended 

Somewhat  short 

166, 

.  1 

452 

Satis  factory 

Blended  with  : 

9 . 8— pet • —protein  winter 

(U.S.) 

Somewhat  short 

166, 

,  3 

482 

Satis  factory 

11 . 2-p ct . -protein  winter 

(U.S.) 

Normal 

166, 

,  4 

475 

Satis  factory 

12 . 0-pet . -protein  winter 

(U.S.) 

Normal 

166, 

.  3 

477 

Satis  factory 

13. 7-pct . -protein  winter 

(U.S.) 

Normal 

166, 

,  5 

526 

Satis  factory 

13 . 7-pct . -p rotein  spring 

(U.S.) 

Normal 

167, 

.  1 

C  /  "7 

547 

Satis  factory 

13 . 7-pct . -protein  spring 

(Canada) 

Normal 

168, 

.6 

539 

Satis  factory 

14 . 5-pct . -protein  spring 

(Canada) 

Somewhat  short 

166. 

,1 

539 

Satisfactory 

France,  1964 

Unblended 

Normal 

165, 

,6 

625 

Satisfactory 

Blended  with: 

9 . 8— pet . —protein  winter 

(US.) 

Normal 

165, 

.  8 

625 

Satisfactory 

11 . 2-pet . -protein  winter 

(U.S.) 

Normal 

166. 

,  1 

651 

Satisfactory 

12 . 0-pct . -protein  winter 

(U.S.) 

Normal-somewhat 

short 

164, 

.5 

600 

Satis  factory 

13. 7-pct . -protein  winter 

(U.S.) 

Normal-somewhat 

tight 

166. 

,  7 

640 

Not  good 

13 . 7-pct . —protein  spring 

(U.S. ) 

N o rma 1-s  omewh at 

tight 

166. 

,  5 

655 

Not  good 

13 . 7— pet . —p rotein  spring 

( Canada) 

Normal 

167. 

,5 

667 

Not  good 

14 , 5— p c t . — pr 0 te in  spring 

( Canada) 

Normal 

166. 

,5 

620 

Not  good 

France,  1965 

Unblended 

Normal 

163. 

,  8 

622 

Satisfactory 

Blended  with; 

Q    8— nf^f"    — rn*nt"pin  wint'P'r 

fu  s  ■) 

Normal 

164. 

,2 

640 

Satisfactory 

11 . 2— pet . —protein  winter 

(U.S.) 

Normal 

164. 

,8 

607 

Not  good 

12 . 0— p ct . — pro te in  winter 

(U.S.) 

Normal-s  omewhat 

tight 

165. 

,0 

604 

Satis  factory 

13 . 7— pet . —protein  winter 

(U.S.) 

Normal-somewhat 

tight 

165. 

.0 

640 

Satisfactory 

1 3 . 7— p c t . — p rote  in  spring 

(U.S.) 

Normal-somewhat 

tight 

165. 

,5 

676 

Not  good 

13 . 7— pet . —protein  spring 

(Canada) 

Normal-somewhat 

tight 

165. 

,5 

645 

Good 

14 . 5-p et . -protein  spring 

( Canada) 

Normal-somewhat 

tight 

165. 

,  6 

656 

Good 

Germany ,  1964 

Unb lended 

Normal-somewhat 

short 

167. 

2 

J  /U 

Satis  f ac  tory 

Blended  with  : 

9 . 8-pct . -protein  winter 

(U.S.) 

Normal-somewhat 

short 

167. 

,3 

592 

Not  good 

11 . 2-pct . -protein  winter 

(U.S.) 

Normal 

167. 

6 

585 

Satis  factory 

12 . 0-pet . -protein  winter 

(U.S.) 

Normal 

168. 

0 

606 

Satis  factory 

13 .  7-pct . -protein  winter 

(U.S.) 

Normal 

168. 

1 

605 

Satis  factory 

13. 7-pet .-protein  spring 

(U.S.) 

Normal 

167. 

7 

59  7 

Satisfactory 

13. 7-pet. -protein  spring 

(Canada) 

Normal 

168. 

1 

615 

Satisfactory 

14 . 5-pct . -protein  spring 

(Canada) 

Normal 

168. 

0 

603 

Not  good 
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TABLE  13. — Continued 


Wheats  represented 

Dough 

Dough 

Loaf 

in  sample 

cons is  tency 

yield 

volume 

Appearance 

Germany,  1965 

G, 

Cc. 

Unblended 

Somewhat  short 

165, 

,2 

570 

Satisfactory 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

Normal 

165. 

,  3 

571 

Satisfactory 

11 . 2-p  ct . -protein 

winter 

(U.S.) 

Normal 

165. 

,9 

575 

Satisfactory 

12 . 0-pct . -protein 

winter 

(U.S.) 

Normal 

166, 

.  2 

575 

Satisfactory 

13. 7-pct. -protein 

winter 

(U.S.) 

Normal 

166, 

,5 

601 

Not  good 

13. 7-pct . -protein 

spring 

(U.S.) 

Normal 

165 , 

.  9 

561 

Satisfactory 

13. 7-pct . -protein 

spring 

(Canada) 

Normal 

165, 

,3 

568 

Satisfactory 

14 . 5-pct . -protein 

spring 

(Canada) 

Normal 

166, 

,1 

612 

Not  good 

Netherlands,  1964 

Unblended 

N  0  rma 1- s  omewh  at 

short 

165. 

.  3 

548 

Not  good 

Blended  with : 

9 . 8-pct . -protein 

winter 

(US.) 

N  0  rma 1- s  omewh  at 

short 

164. 

,6 

565 

Not  good 

11 . 2-pct . -protein 

winter 

(US.) 

Normal 

165. 

.0 

612 

Not  good 

12 . 0-pct . -protein 

winter 

(US.) 

Normal 

165. 

,3 

595 

Not  good 

13. 7-pct . -protein 

winter 

(U  S.) 

Normal 

165. 

,2 

593 

Satisfactory 

13. 7-pct .-protein 

spring 

(U.S  ) 

Normal 

164. 

,9 

610 

Satisfactory 

13 . 7-pct . -protein 

spring 

( Csnada) 

Normal-somewhat 

tight 

165. 

,  1 

611 

Satisfactory 

14 . 5-pct . -protein 

spring 

(  Canada.) 

Normal-somewhat 

tight 

165. 

.3 

648 

Satisfactory 

Netherlands ,  1965 

Unblended 

Normal 

166. 

,6 

441 

Satisfactory 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

No rmal- s omewh at 

short 

165. 

,  7 

505 

Insufficient 

11 . 2-pct . -protein 

winter 

(U.S ,) 

Normal-somewhat 

short 

166. 

,0 

520 

Insufficient 

12 . 0-pct . -protein 

winter 

(U.S.) 

Normal-somewhat 

short 

165, 

.7 

551 

Satisfactory 

13. 7-pct . -protein 

winter 

(U.S.) 

Normal 

166, 

,3 

578 

Satisfactory 

13. 7-pct. -protein 

spring 

(U . S  . ) 

Normal 

166. 

,3 

600 

Satisfactory 

13 . 7-pct . -protein 

spring 

( Canada) 

Normal-somewhat 

short 

166. 

,2 

543 

Satisfactory 

14 . 5-pct . -protein 

spring 

(Canada) 

Normal-somewhat 

short 

166. 

.2 

541 

Satisfactory 

Sweden,  1964 

Unblended 

Normal 

168.4 

692 

Not  good 

Blended  with: 

9 . 8-pct . -protein 

winter 

(US) 

Normal 

167, 

,4 

685 

Good 

11 . 2-pct . -protein 

winter 

(U.S.) 

Normal 

167, 

,6 

706 

Good 

12 . 0-pct . -protein 

winter 

(US.) 

Normal 

167, 

.7 

680 

Good 

13. 7-pct . -protein 

winter 

(U  S  ) 

Normal 

168.  7 

670 

Not  good 

13. 7-pct . -protein 

spring 

(US') 

No  rma 1- s  omewh  a  t 

tight 

168, 

.3 

693 

Not  good 

13. 7-p ct. -protein 

spring 

(  C^^n  Ada ) 

Normal-somewhat 

tight 

167, 

,6 

688 

Good 

14. 5-pct . -protein 

spring 

I  P      3  H  P  ) 

\,  u  CU-l  d  >-L  Q  / 

Normal-s  omewhat 

tight 

167. 

,8 

698 

Good 

Sweden,  1965 

Unblended 

Normal-somewhat 

tight 

167, 

,5 

619 

Not  good 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

Normal-somewhat 

tight 

167, 

,2 

625 

Good 

11. 2-pct . -protein 

winter 

(U.S.) 

N 0 rma 1- s omewh a t 

tight 

168, 

,0 

635 

Good 

12 . 0-pct . -protein 

winter 

(U.S.) 

N o rma 1- s omewh a t 

tight 

167. 

5 

619 

Good 

13 . 7-pct . -protein 

winter 

(U.S.) 

Normal-somewhat 

tight 

167. 

.6 

652 

Good 

13. 7-pct . -protein 

spring 

(U.S.) 

Normal-somewhat 

tight 

167.1 

601 

Good 

13 . 7-pct . -protein 

spring 

(Canada) 

Normal-somewhat 

tight 

167. 

3 

615 

Good 

14 . 5-pct . -protein 

spring 

(Canada) 

Normal-s  omewhat 

tight 

167. 

,1 

661 

Good 
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TABLE  13. —Continued 


Wheats  represented  Dough  Dough  Loaf 

in  sample  consistency  yield      volume  Appearance 


Switzerland 

,  1964 

G, 

Cc. 

Unblended 

Normal- 

-  somewhat 

tight 

174. 

,  5 

704 

Good 

Blended  with: 

9.8-pct. 

-protein  winter 

(U.S.) 

Normal- 

-somewhat 

tight 

172, 

.6 

647 

Good 

11.2-pct. 

-protein  winter 

(U.S.) 

Normal 

172. 

,6 

611 

Not  good 

12.0-pct. 

-protein  winter 

(U.S.) 

Normal 

173. 

.7 

664 

Not  good 

13. 7-pct. 

-protein  winter 

(U.S.) 

Normal- 

-somewhat 

tight 

174. 

,0 

699 

Good 

13. 7-pct. 

-protein  spring 

(U.S.) 

Normal- 

-somewhat 

tight 

174. 

,  1 

675 

Good 

13. 7-pct. 

-protein  spring 

(Canada) 

Somewhat  tight 

174. 

,0 

702 

Good 

14.5-pct . 

-protein  spring 

(Canada) 

Normal 

172. 

,2 

678 

Good 

Switzerland 

,  1965 

Unb lended 

Normal 

176. 

,0 

571 

Not  good 

Blended  with : 

9.8-pct. 

-protein  winter 

(U.S.)-'' 

Normal- 

-somewhat 

tight 

173. 

.  1 

597 

Not  good 

11.2-pct. 

-protein  winter 

(U.S.) 2/ 

Normal- 

-somewhat 

tight 

174. 

.5 

624 

Not  good 

12.0-pct. 

-protein  winter 

(U.S.) 2/ 

Normal- 

-somewhat 

tight 

174. 

8 

588 

Good 

13. 7-pct. 

-protein  winter 

(U.S.) 2/ 

Normal- 

-somewhat 

tight 

173. 

,8 

638 

Good 

13. 7-pct. 

-protein  spring 

(U.S.)2/ 

Normal- 

-somewhat 

tight 

173. 

7 

605 

Not  good 

13. 7-pct. 

-protein  spring 

(Canada) 

Normal- 

-somewhat 

tight 

174. 

,8 

595 

Not  good 

14.5-pct. 

-protein  spring 

(Canada)!/ 

Normal- 

-somewhat 

tight 

175. 

1 

637 

Good 

\J  Crumb  elasticity  was  good  for  all  samples. 
TJ  Crust  quality  rating  was  "not  good." 
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TABLE  14. — Evaluation  of  wheat  flours  and  3:1  blends  by  the 


A.A.C.C.  procedure 


Wheats  represented 

Absorp- 

Mixing 

£^  U  L       o  X  Li  111 

Li03.f 

in  sample 

tion 

time 

bromate 

volume 

U.S. 

Pet. 

Min. 

Mg. 

L<C  • 

9 . 8-pct . -protein 

winter 

57.7 

Q 
J 

1  la 

1-2 

695 

11 . 2-pct. -protein 

winter 

61.2 

Q 
J 

I/O 

1 

760 

12 . 0-pct . -p rotein 

winter 

61.6 

4 

1/8 

1 

786 

13. 7-pct. -protein 

winter 

63. 

0 

3 

3 

902 

13. 7-pct . —protein 

spring 

62. 

5 

4 

1/2 

2 

918 

Canada 

13 . 7-pct . -protein 

spring 

62. 

,0 

111. 
J/4 

•t 
± 

14 . 5-pct . -protein 

spring 

64. 

5 

7/8 

1 

1013 

Austria,  1964 

Unblended 

58. 

,1 

Q  /  Q 

1 

678 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.S.) 

58. 

1 

3 

3/4 

1 

695 

11 . 2-pct . -protein 

winter 

(U.S.) 

58.9 

3 

7/8 

1 

713 

12 . 0— pet . —protein 

winte  r 

(U.S.) 

59. 

1 

J 

1/9 
1/  ^ 

1 

705 

13 . 7-pct . -protein 

winter 

(U.S.) 

59. 

1 

3 

3/4 

1 

733 

13. 7-pct . -protein 

spring 

(U.S.) 

59. 

,4 

3 

3/4 

1 

728 

13 . 7-pct . -protein 

spring 

\  Lidnaaa/ 

59. 

1 

J 

7  /a 
//a 

1 

X 

Tin 

14 . 5-pct . -protein 

spring 

(Canada) 

59. 

.6 

o 
J 

3/4 

1 

750 

Austria,  1965 

Unblended 

65. 

8 

/. 
H 

1  /  T 

1/2 

1 

755 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

65. 

4 

/, 
H 

1  /9 
1/ 

1 

715 

11 . 2-pct . -protein 

winter 

(U.S.) 

65. 

5 

4 

1/2 

1 

708 

12 . 0-pct . -protein 

winter 

(U.S.) 

66. 

0 

4 

1/2 

1 

758 

13. 7-pct . -protein 

winter 

(U.S.) 

66. 

0 

4 

1/2 

1 

768 

13. 7-pct. -protein 

spring 

(U.S.) 

66. 

0 

4 

1/2 

1 

740 

13 . 7-pct . -protein 

spring 

(Canada) 

66. 

0 

4 

1/2 

1 

743 

14 . 5-pct . -protein 

spring 

(Canada) 

66. 

,0 

4 

1/2 

1 

778 

Belgium,  1964 

Unblended 

53. 

3 

3 

1/8 

1 

662 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

54. 

2 

3 

1/8 

1 

685 

11 . 2-pct . -protein 

winter 

(U.S.) 

55. 

1 

3 

3/8 

1 

710 

12 . 0-pct . -protein 

winter 

(U.S.) 

55. 

.2 

3 

5/8 

1 

710 

13. 7-pct . -protein 

winter 

(U.S.) 

55. 

.6 

3 

1/8 

1 

728 

13 . 7-pct . -protein 

spring 

(U.S.) 

55. 

5 

3 

3/4 

1 

715 

13 . 7-pct . -protein 

spring 

(Canada) 

55. 

5 

3 

1/2 

1 

728 

14 . 5-pct . -protein 

spring 

(Canada) 

56. 

,0 

3 

1/4 

1 

768 
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TABLE  14. — Continued 


Wheats  represented 

Absorp- 

Mixing 

Potassium 

Loaf 

in  sample 

tion 

time 

bromate 

volume 

Belgium,  1965 

Pet. 

Min. 

Unblended 

.  U 

1/ 4 

1 

DZ  J 

Blended  with : 

9 . 8-pct . -protein 

winter 

^u . a  .  ; 

oz . 

.  U 

-1/ '* 

1 
X 

uZ  J 

11 . 2-pct .-protein 

winter 

(U  .ii  .  ) 

62, 

,5 

4 

1/2 

X 

0  J  J 

12 . 0-pct . -protein 

winter 

(,u .  a  . ; 

62, 

.0 

4 

1/2 

X 

D'K} 

13. 7— pet.— protein 

winter 

(.U.S.; 

oz . 

.  U 

/, 

1  /o 
i/z 

X 

OXO 

13. 7-pct .-protein 

spring 

^■11  Q  ^ 
VU . b  . ; 

62 , 

,  0 

4 

1/4 

1 
X 

0  /U 

13 . 7-pct . -protein 

spring 

(Canada) 

62. 

.  0 

4 

1/4 

1 

673 

14 . 5-pct . -protein 

spring 

(Canada) 

c  o 
oz , 

.  u 

/. 

H 

1/4 

1 

700 

England,  1964 

Unblended 

53. 

,  8 

3 

1-2 

679 

Blended  wi  th : 

9 . 8-pct . -protein 

winter 

^u .b . ; 

-7 

,  / 

3 

1/4 

z 

oyu 

11 . 2-pct . -protein 

winter 

(U.b. ) 

55. 

.6 

3 

1/2 

o 

z 

705 

12. 0-pct .-protein 

winter 

(U.b. ) 

55. 

,  7 

3 

1/2 

z 

/ZU 

13. 7— pet • — prote  in 

winter 

(U.b. ) 

55. 

,  8 

3 

1/4 

o 
Z 

/zj 

13. 7-pct . -protein 

spring 

ni  Q  ^ 
(,u .  b . ; 

56. 

,0 

3 

1/4 

z 

/zo 

13. 7-pct . -protein 

spring 

(Canada) 

55. 

,  7 

3 

1/2 

2 

730 

14 . 5-pct . -protein 

spring 

(Canada) 

C  C 

30  , 

c 

,  D 

3 

I/O 

1/2 

2 

745 

England,  1965 

Unblended 

D  J  . 

,  5 

4 

1/2 

2 

520 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.i> .  ) 

04  . 

c 

.  J 

J 

I/O 

1/z 

o 
z 

0  Jo 

11 . 2-pct . -protein 

winter 

(U .b . ) 

D  H  , 

C 

J 

J 

1  /9 
1/Z 

o 
Z 

0  Jo 

12. 0-pct .-protein 

winter 

(u.b. ) 

64. 

5 

4 

*> 

z 

OZJ 

13. 7-pct . -protein 

winter 

(u .b .) 

63. 

5 

3 

1/2 

z 

00  J 

13. 7-pct .-protein 

spring 

(11  c;  ^ 

64. 

5 

3 

3/4 

z 

000 

13. 7-pct .-protein 

spring 

64. 

0 

4 

9 
z 

CPU 

14 . 5-pct . -protein 

spring 

(Canada) 

63. 

5 

3 

1/2 

2 

650 

France,  1964 

Unblended 

55. 

3 

3 

1/8 

1 

673 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

55. 

8 

3 

1 

685 

11. 2 -pet .-protein 

winter 

(U.S.) 

56. 

7 

3 

1 

718 

12 .0-pct .-protein 

winter 

(U.S.) 

56. 

8 

3 

1/8 

1 

715 

13. 7-pct .-protein 

winter 

(U.S.) 

57. 

3 

3 

1/8 

1 

723 

13. 7-pct . -protein 

spring 

(U.S.) 

57. 

1 

3 

5/8 

1 

730 

13. 7-pct . -protein 

spring 

(Canada) 

57. 

0 

3 

3/4 

1 

750 

14. 5-pct .-protein 

spring 

(Canada) 

57. 

5 

3 

5/8 

1 

763 
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Wheats  represented 

Absorp- 

Mixing 

Pot.assium 

Loaf 

in  sample 

tion 

time 

bromate 

volume 

France,  1965 

Pet . 

Min. 

Me. 

Cc. 

o 

Unblended 

61. 

0 

3 

1/2 

1 

660 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

61. 

0 

3 

1/2 

1 

670 

11 . 2-pct . -protein 

winter 

(U.S.) 

61. 

5 

3 

1/2 

1 

688 

12 .0-pct . -protein 

winter 

(U.S.) 

61. 

5 

3 

1 

708 

13 . 7-pct . -protein 

winter 

(U.S.) 

61. 

5 

3 

1/2 

1 

725 

13. 7-pct .-protein 

spring 

(U.S.) 

61. 

5 

3 

1/2 

1 

723 

13 . 7-pct . -protein 

spring 

(Canada) 

61. 

0 

3 

3/4 

1 

710 

14 . 5 -pet . -protein 

spring 

(Canada) 

62. 

.0 

3 

1/2 

1 

758 

Germany,  1964 

Unblended 

69. 

4 

4 

3/8 

1 

698 

Blended  with : 

9 . 8-pct . -protein 

winter 

(U.S.) 

58. 

9 

4 

1 

700 

11 . 2-pct . -protein 

winter 

(U.S.) 

59. 

9 

4 

3/8 

1 

718 

12 . 0-pct . -protein 

winter 

(U.S.) 

J  y  • 

q 

4 

X  /  o 

1 

725 

13. 7-pct . -protein 

winter 

(U.S.) 

60. 

4 

4 

3/8 

1 

743 

13. 7-pct. -protein 

spring 

(U.S.) 

60. 

,  2 

4 

1/2 

1 

758 

13. 7-pct . -protein 

sp  ring 

(Canada) 

60. 

1 

4 

1/2 

1 

753 

14. 5-pct. -protein 

spring 

(Canada) 

60. 

,6 

4 

1/8 

1 

760 

Germany,  1965 

Unblended 

63. 

0 

3 

3/4 

1 

625 

Blended  wi th : 

9 . 8-pct . -protein 

winter 

(U.S.) 

63. 

,3 

3 

3/4 

1 

668 

11 . 2-pct . -protein 

winter 

(U.S.) 

63. 

5 

3 

3/4 

1 

7Q0. 

12 . 0-pct . -protein 

winter 

(U.S.) 

64. 

.5 

3 

3/4 

1 

723 

13. 7-pct. -protein 

winter 

(U.S.) 

64. 

0 

3 

3/4 

1 

710 

13 . 7-pct . -protein 

spring 

(U.S.) 

63. 

9 

3 

3/4 

1 

725 

13. 7-pct . -protein 

spring 

(Canada) 

63. 

8 

3 

3/4 

1 

735 

14 . 5-pct . -protein 

spring 

(Canada) 

64. 

,0 

3 

3/4 

1 

738 

Netherlands,  1964 

Unblended 

54. 

5 

3 

7/8 

1 

652 

Blended  wi  th : 

9 . 8-pct . -protein 

winter 

(U.S.) 

55. 

2 

3 

1/2 

1 

665 

11. 2-pct . -protein 

winter 

(U.S.) 

56. 

3 

3 

1/2 

1 

685 

12 . 0-pct . -protein 

winter 

(U.S.) 

56. 

,9 

3 

1/2 

1 

705 

13. 7-pct . -protein 

winter 

(U.S.) 

56. 

6 

3 

1/2 

2 

718 

13. 7-pct . -protein 

spring 

(U.S.) 

56. 

,5 

3 

1/2 

2 

725 

13. 7-pct . -protein 

spring 

(Canada) 

56. 

.2 

3 

1/2 

1 

705 

14 . 5-pct . -protein 

spring 

(Canada) 

57. 

1 

3 

1/2 

1 

730 
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Wheats  represented 

Absorp- 

Mixing 

Potassium 

Loaf 

in  sample 

tion 

time 

bromate 

volume 

Netherlands,  1965 

Pet 

Min. 

Mg. 

Co. 

Unblended 

62. 

5 

5  1/2 

1 

485 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.S.) 

62. 

5 

4  1/2 

1 

578 

11 . 2-pct . -protein 

winter 

/'TT     C  \ 

62. 

0 

/.     Q  /  /. 
^  J/H 

1 

^  Q  R 

12 . 0-pct . -protein 

winter 

/TT     C  \ 

(U.S.) 

62. 

0 

4  3/4 

1 

005 

13. 7-pct . -protein 

winter 

/"  TT     C  ^ 

(U.S. ) 

62. 

5 

5 

1 
1 

620 

13. 7-pct .-protein 

spring 

/  TT      C  \ 

(U.S  . ) 

62. 

0 

5 

1 

623 

13. 7-pct . -protein 

spring 

(Canada; 

c 

J 

5 

1 

6/U 

14 . 5 -pet . -protein 

spring 

(Canada) 

62. 

5 

5 

1 
1 

£  OA 

630 

Sweden,  1964 

Unblended 

59. 

1 

3  3/8 

2 

768 

Blended  wi  th : 

9 . 8-pct . -protein 

winter 

(U.S.) 

58. 

6 

3  3/4 

2 

760 

11 . 2-pct . -protein 

winter 

(U.S.) 

59. 

6 

3  5/8 

2 

783 

12 . 0-pct . -protein 

winter 

/IT    n  \ 

(U.S. ) 

59. 

6 

111% 

2 

798 

13 . 7-pct . -protein 

winter 

/  T  T      O  \ 

(U.S.) 

60. 

1 

3  1/2 

2 

805 

13. 7-pct .-protein 

spring 

(U.S  . ) 

60. 

1 

3  1/2 

2 

825 

13 . 7-pct . -protein 

spring 

(Canada) 

jy . 

D 

3  5/8 

2 

813 

14.5-pct.-protein 

spring 

(Canada) 

60. 

6 

3  1/2 

2 

835 

Sweden,  1965 

Unblended 

66. 

8 

4 

2 

680 

Blended  wi  th : 

9 . 8-pct . -protein 

winter 

(U.S. ) 

66. 

5 

4 

2 

660 

11 . 2-pct . -protein 

winter 

/  T  T      C-  \ 

(U.S.) 

66. 

5 

4 

2 

£  o  c 

685 

12 . 0-pct . -protein 

winter 

/  TT     C  \ 

(U.S . ) 

66. 

8 

4 

2 

690 

13 . 7-pct . -protein 

winter 

/  TT     C  ^ 

(U.S.) 

66. 

5 

4 

2 

708 

13. 7-pct .-protein 

spring 

/TT     C  \ 

(U.S.) 

67. 

0 

4 

2 

713 

13. 7-pct . -protein 

spring 

(Canada) 

0  / . 

U 

L 

733 

14 . 5-pct . -protein 

spring 

(Canada) 

67. 

0 

4 

2 

733 

Switzerland,  1964 

Unblended 

67. 

0 

3  1/2 

1 

789 

Blended  with: 

9 . 8-pct . -protein 

winter 

(U.S.) 

64. 

7 

3  3/4 

1 

775 

11 . 2-pct . -protein 

winter 

(U.S.) 

65. 

5 

3  7/8 

1 

778 

12 . 0-pct . -protein 

winter 

(U.S.) 

65. 

7 

3  7/8 

1 

795 

13. 7-pct . -protein 

winter 

(U.S. ) 

66. 

0 

3  5/8 

1 

815 

13 . 7-pct . -protein 

spring 

(U.S.) 

65. 

9 

3  5/8 

1 

810 

13 . 7-pct . -protein 

spring 

(Canada) 

65. 

7 

3  3/4 

1 

838 

14 . 5-pct . -protein 

spring 

(Canada) 

66. 

3 

3  5/8 

1 

848 

Switzerland,  1965 

Unblended 

74 

.5 

4 

1 

713 

Blended  with : 

9 . 8-pct . -protein  winter 

(U.S.) 

74 

.5 

3  1/2 

1 

743 

11 . 2-pct . -protein  winter 

(U.S.) 

73 

.5 

3  1/2 

1 

753 

12 . 0-pct . -protein  winter 

(U.S.) 

73 

.8 

3  1/2 

1 

780 

13. 7-pct . -protein  winter 

(U.S.) 

73 

.5 

3  1/2 

1 

783 

13 . 7-pct . -protein 

spring 
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Figure  2.     Farinograms  for  flours  from  United  States 
and  Canadian  wheats  used  for  blending  with 
flours  from  European  wheats.     Numbers  give 
the  percent  of  protein  in  the  wheat. 
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Figure  3.     Farinograms  for  flours  from  the  1964-crop  European  wheats  and  for 
blends  of  these  flours  with  the  North  American  whe^t  flours.  The 
curves  from  unblended  European  flours  are  labeled  "control." 
Blends  (75  percent  European  and  25  percent  North  American  flours). 
The  number  represents  the  percent  of  protein  in  the  North  American 
wheat.     Protein  contents  of  the  flours  and  the  blends  are  given  in 
tables  2,  4,  and  8. 
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Figure  4.     Farinograms  for  flours  from  the  1965-crop  European  wheats  and  for 
blends  of  these  flours  with  the  North  American  wheat  flours.^  The 
curves  from  unblended  European  flours  are  labeled  "control. 
Blends  (75  percent  European  and  25  percent  North  American  flours). 
The  number  represents  the  percent  of  protein  in  the  North  Amerxcan 
wheat.     Protein  contents  of  the  flours  and  the  blends  are  given  m 
tables  2,  4,  and  8. 
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